Open Data is the name given to datasets which have been generated by international organisations, governments, NGOs and academic researchers, and made freely available online and openly-licensed. These datasets can be used by educators as Open Educational Resources (OER) to support different teaching and learning activities, allowing students to gain experience working with the same raw data researchers and policy-makers generate and use. In this way, educators can facilitate students to understand how information is generated, processed, analysed and interpreted.
Introduction
The illusion of access promoted by computers provokes a confusion between the presentation of information and the capacity to use, sort and interpret it. (Brabazon, 2001) In today's information society, knowledge must be constructed by critically analysing streams of information from various sources and formats, and moreover, by understanding data and becoming capable of analysing and interpreting it. For Nowotny, Scott and Gibbons (2001) , "the emergence of the knowledge society means that a much wider range of social, economic and even cultural activities now have 'research components'" (p. 225); and as Castells (2000) notes, we should "foster lifelong learning, a major asset in the knowledge-based social organization characteristic of the society" (p. 16). Beetham, McGill and Littlejohn (2011) highlight the growing importance of digital literacy, which they describe as "those capabilities which fit an individual for living, learning and working in a digital society"; and we would suggest that in addition to the digital, overlapping competencies in information and data literacy are key enablers for our students and graduates in meeting these challenges.
Open Praxis, vol. 7 issue 4, October-December 2015, pp. 377-389 Indeed, higher education is already seeing a turn towards the development of transversal skills, which are defined by UNESCO (2015) as "critical and innovative thinking, inter-personal skills; intra-personal skills, and global citizenship" (p. 4); and as Rychen & Salganik (2003) note for the OECD, "certain areas of competence are needed not only in the labour market but also in private relationships, in political engagement and so on, and it is these transversal competencies that are defined as key" (p. 7). In this context, new pedagogies are reflecting these concerns, driving the adoption of problem-and research-based learning (e.g. Van Heuvelen, 1991; Dolmans, De Grave, Wolfhagen & Van Der Vleuten, 2005) and reframing of the role of the student as a producer rather than consumer of knowledge (e.g., Kotzé & Du Plessis, 2003; Neary & Winn, 2009) .
Our purpose in this paper is to consider how curricula can enable students (particularly at HE level) to engage more frequently with the needs of society through critical engagement with raw data -which is now increasingly made available by international organisations, governments, NGOs and academic research institutions as 'Open Data'. As yet, the literature on Open Educational Resources (OER) has made little reference to Open Data and its potential use as a form of OER. We also present initial qualitative data obtained through an exploratory online survey with academics regarding their use of Open Data in teaching, with the purpose of offering an initial springboard for further research and more complex questions. In connecting these open dots, our aim is to initiate a discussion around good practice in the use of Open Data as a basis for research-based learning activities that can contribute to the development of students' transversal skills and field-specific competences.
Unlocking the potential of Open Data in Higher Education
Students may be less effectively educated and trained if they are unable to work with a broad crosssection of data. (Uhlir & Schröder, 2007, p. 201) .
As content has become increasingly digital, and thus potentially much more accessible, governments, international bodies, and academic organisations are advocating for the right to access information and knowledge as public goods (especially where these have come about as a result of public funding Open Data is, by definition, accessible, interoperable, reusable and universal 7 . Also, it is characterised by "a commitment to make data available publically in non-proprietary, machinereadable formats at the lowest level of granularity possible" (Johnson, 2014, p. 264) . Among other champions of opening data, Huijboom and Van de Broek (2011) argue that "publishing of government data can empower citizens to exercise their democratic rights" (p. 4). Open Data can also be considered an invaluable resource for scholarly communities. For Arzberger et al. (2004) , "open access to, and sharing of, data reinforces open scientific inquiry, encourages diversity of analysis and opinion, promotes new research, makes possible the testing of new or alternative hypotheses and methods of analysis" (p. 139). For Molloy (2011) , "better science -in terms of transparency, reproducibility, increased efficiency, and ultimately a greater benefit to society -depends on open data" (p. 4). However, we would concur with the advisory issued by Zuiderwijk et al. (2012) when they state that "the process in which data are published, found, used, linked, reused and discussed, which is here referred to as the open data process, seems to encounter many socio-technical impediments" (p. 156).
The argument that scientists and researchers can benefit from the openness of data is compelling, but as Worthy (2015) notes, "the public were supposed to be the beneficiaries of the new data. Exactly who the 'public' users are remains a bit of a mystery". For Gurstein (2011), This drive towards increased public transparency and allowing for enhanced data-enriched citizen/public engagement in policy and other analysis and assessment is certainly a very positive outcome of public computing and online tools for data management and manipulation. However, as with the earlier discussion concerning the "digital divide" there would, in this context, appear to be some confusion between movements to enhance citizen "access" to data and the related issues concerning enhancing citizen "use" of this data as part, for example, of interventions concerning public policies and programs.
And for Davies (2010) , "there will be greater need in future for capacity both in state and society to be able to debate the meaning of data, and to find responsible ways of using open data in democratic debate" (p. 5). While the availability of open data in civil society and its adoption within the business sector is growing, it appears that educational use is not yet widespread. In our view, public engagement with these datasets is only likely to grow if educators take up a key role in fostering an understanding of them as sites of enquiry and supporting the development of relevant skillsets.
As we see it, the educational value of Open Data is as a key component in research-and scenariobased learning activities, where its deployment can enhance information and digital literacies and support the development of critical, analytical, collaborative and citizenship skills. Therefore, the use of Open Data as OER can enable mechanisms for collaboration, discussion and engagement with local communities towards the development of global citizens.
Research-based learning can be understood as teaching and learning activities guided by the scientific method of enquiry, which therefore involve posing research questions, testing these questions using quantitative and qualitative techniques, and presenting findings within a framework of research integrity, thus supporting students' reflective practice (Gilardi, & Lozza, 2009; Ambrose, Bridges, Di Pietro, Lovett & Norman, 2010; Wagner, 2014) . In the context of a research-based approach, educators can use scenarios or problems relating to local and global problems, with the aim of developing a skilled data-savvy workforce, active and critical learners, and conscious citizens (Bindé & Matsuura, 2005; Borne et al., 2009; Littlejohn, Beetham & McGill, 2012; Eve, 2013) .
Drilling down further into educational research literature regarding the skills, abilities and attributes that students should develop in higher education, we have identified a set of core, discipline-agnostic competencies that we believe students can acquire in the context of research-based learning activities based on open datasets.
• Critical thinking: For Weinberger & Fischer (2006) , "learners are supposed to engage in an argumentative discourse with the goal to acquire knowledge" (p. 4); therefore, it is necessary to embed creative and innovative approaches in face-to-face, blended and distance teaching and learning (Silberman, 1973; Papert, 1987 ).
• Data curation skills : For Mazon et al. (2014) , when setting the aims and objectives of a research-based instance, it is necessary to provide students with data curation techniques including data organisation models, data repositories, and data analysis software that can help them to achieve the expected results facilitating learning through the use of open data. In addition, Baker & Duerr (2015) recommend careful selection of data collections, development of a data curation plan, keeping data collection activity logs and providing training in summarising the results.
• Research skills: Open Data can facilitate the education of new researchers; for example, openly available datasets can be used to create games, activities and resources in order to promote learning in science education (Uhlir & Schröder, 2007; Bradley, Lancashire, Lang & Open Praxis, vol. 7 issue 4, October-December 2015, pp. 377-389 Williams, 2009). Students should be provided with learning experiences in which they collaborate, analyse information and data, and communicate results effectively and by relating these tasks to specific scientific or social problems (Zamorski, 2002; Barrie, 2004; Fischer, Rohde & Wulf, 2007; Smith, 2008 ).
• Statistical literacies: Schield (2004) considers that "students must be information literate:
they must be able to think critically about concepts, claims and arguments: to read, interpret and evaluate information". Statistical literacy is an essential component of information literacy; according to Wallman (1993) , the "our citizens, who encounter statistics at every turn in their daily lives often are unequipped with the statistical literacy required to evaluate the information" (p. 5). Therefore, for Watson & Callingham (2003) , "statistical literacy is not only important to our society as a whole; it is also relevant to the individual members of society" (p. 4).
• Teamwork skills: In research-, scenario-, and problem-based activities, students collaborate, sometimes within multidisciplinary research teams, solving complex problems; for Duch, Groh and Allen (2001) this collaboration develops skills in explaining results to others by learning to write reports and papers and to model graphics to visualise the data in order to make it comprehensible for readers.
• Global citizenship: Higher education not only educates future professionals; it educates citizens who should be able to think critically, evaluating information in order to be aware of local and global problems (Evans & Nation, 1993; Soder, Goodlad & McMannon, 2001 ). According to Willems & Bossu (2012) , "While the new technologies are a source of social change, they can only become a promise of development for all through the alliance of freedom of expression, knowledge, democratic principles and the concept of justice" (p. 185). However, for Johnson (2014) , "open data cannot be expected to universally promote justice. It can just as easily marginalize groups that are not part of the data: people whose lack of privilege excludes them from the kinds of interactions that produce data and makes their viewpoints invisible to those who collect data" (p. 267). We would also agree with Gurstein (2011) that for "open data to have a meaningful and supportive impact on the poor and marginalized, direct intervention is required to ensure that elements currently absent in the local technology and social ecosystem are in fact, made available".
Open Data-led activities in Research-based curricula
Open data and a change of mindset is the next step in the internet revolution (Berners-Lee, 2011) For students to engage with contemporary social problems, it is key to embed Open Data principles in research-based teaching and learning contexts provides students with the experience of working with the same raw materials scientists and policy-makers use (Atenas, Havemann & Priego, 2015) , applying different methodologies in real scenarios and presenting the results in research papers that can be assessed, therefore connecting learning with real world problems (Kasl, Marsick & Dechant, 1997; Barron et al., 1998; Hmelo-Silver, 2004; Davies, 2010; Piorun et al. 2012) .
In the previous section we outlined the core benefits students might develop by engaging with Open Data. We conducted an exploratory survey disseminated via a blog post and social media between March and May 2015 in which we asked academics to describe how they used or embedded open data in their teaching and learning practices, and which portals they most frequently used. This survey was intended to provide us with some indications of the range of data sources in use and of disciplines in which academics already see educational value in such datasets. We had 26 responses from North America, Latin America and Europe, and from academics teaching many different subject areas. The intention was to provide initial building blocks for further correlation between the core competencies we have outlined and the educational objectives of the learning activities in which Open Data has been used.
Out of these 26 responses, 11 reflected clear uses of Open Data, describing activities within the contexts of academic development, PhD training, library and information science, classical studies, communications, engineering, archaeology, digital humanities, biomedical sciences and social sciences. The remaining 15 answers referred to the use of other types of open content, and types of data which are not open. While those have therefore been excluded from our reporting below, we believe it is noteworthy that less than half of our respondents appear to have clearly understood what we meant by the phrase 'Open Data', indicating that there is some way to go in raising the awareness of academics of this topic. The table below summarises the 11 responses, which pertain specifically to the use of Open Data in teaching (see table 1). Arguments in favour of opening data have been advanced somewhat in isolation from parallel open education debates, which have tended to focus much attention on the matter of Open Educational Resources (OER). OER have been defined variously but for UNESCO, they are "any type of educational materials that are in the public domain or introduced with an open license". 8 It is our contention that open datasets can therefore certainly be understood as a form of 'educational materials', whether or not originally created as such, and therefore as OER; and indeed, not only can, but should be used in this way.
Already educators are at liberty to take advantage of Open Data by facilitating and encouraging students to select and use open datasets from different countries, thus to experiment with data at a global level; portals that provide access to such transnational datasets include Open Data Index place overview 9 and the Data Repository directory. 10 However, for us it is also vital to start providing students with access to datasets being produced within the academy, using the same research methodologies that students are learning to master. This can be facilitated via policies that will support scholars in making these datasets openly available at the institutional level, enabling spaces for multidisciplinary approaches to research projects inside each university.
The embedding of research principles in higher education curricula can support the development of critical thinking and rigour in academic practice, helping them to become data literate at different levels developing skills that can enhance their employability (Healey, 2005; Tanner, 2006) . Table 2 showcases examples of different levels of expertise and proficiency in open data related research based activities. In addition to the development of these practical research and data handling skills, we consider that Open Data poses a real opportunity for students to engage as active, curious and informed citizens, with local and global issues. In order to develop such citizenship skills we suggest (in table 3 ) a series of activities at different levels that can be considered as guidelines to promote civic engagement. It is not our intention to oversimplify the extent to which key concepts, data, and research methods vary across the disciplines, and the extent to which activities must be designed carefully for different skill and experience levels. But we would assert that students at any level can begin to engage critically with data. It is necessary to make a preliminary diagnosis when planning a research-based activity, in order to understand the following: if students have developed communication and collaborative skills, if they have worked in teams before, if they understand research data management, including having training in software they will use, and if they are capable to apply different research methods to be able to collectively describe the results in a format that can be assessed by their peers and lecturers (Van Heuvelen, 1991; Doucette & Fyfe, 2013) . In addition, we recommend that academics intending to implement research-based activities using open data should:
• Identify and describe the learning outcomes for the intended activities;
• Identify the portals which will source the data;
• Clearly identify and describe the challenges students might face; • Provide training materials for the software students will need to analyse the data;
• Support students in communicating their findings to local or wider communities.
There is much research still to be done to join the dots between Open Data, Open Educational Resources and the development of transversal skills and discipline-specific competences. There is a world of potential to be explored, particularly in relation to the development and adoption of methods of assessment that identify how the use of Open Data can feed into specific competences. Moreover, there is still a paucity of research regarding any linkages between communities of practice in Open Data and research and education.
If we understand learning as a transformation of knowledge, mere field-specific "competences" may not be enough; it is necessary to "cross boundaries" (Wenger, 1998, p. 140 ) in order to be exposed to different modes of behaviour, processes and outcomes. So far, it seems that engagement with Open Data has been driven by experience, rather than competence, but competences have been developed through the exposure (experience with) open datasets. In order to formalise more objective mechanisms of assessment, it is necessary to engage critically with, and foster further interconnections between, those engaged in Open Data and those engaged in education. 
